METHOD OF PERCEPTUAL 3D SHAPE DESCRIPTION AND 
METHOD AND APPARATUS FOR SEARCHING 3D GRAPHICS MODEL 
^ DATABASE USING THE DESCRIPTION METHOD 

BACKGROUND OF THE INVENTION 

This application claims the benefit of U.S. Provisional Application No. 
60/430,974, filed on December 5, 2002, and No. 60/510,147, filed on October 14, 
2003, in the United States Patent and Trademark Office, and Korean Patent 
Application No. 2003-84215, filed on November 25, 2003, in the Korean Intellectual 
Property Office, the disclosures of which are incorporated herein in their entirety by 
reference. 

1 . Field of the Invention 

The present invention relates to a 3-dimensional (3D) graphics, and more 
particularly to, a method of perceptual 3D shape description and a method and 
apparatus for searching a 3D graphics model database established using the 
description method to retrieve the similar models to a query model. 
2' Description of the Related Art 

The number of 3D graphics objects to be managed has geometrically 
increased in response to the developments in 3D graphics technology and 
expansions in related technical fields. Therefore, there has been a need for 
techniques to efficiently store, manage, and reuse a number of 3D graphics objects. 

According to MPEG-7, Shape3D is suggested and adopted as an international 
standard for 3D shape description and database searching. In general, 3D graphics 
models are expressed as polygonal meshes that consist of vertices and faces. 
Shape3D defines the shape spectrum of such polygonal meshes, which is the 
histogram of shape indices calculated on the whole surtace of a mesh model. 

However, some problems arise with Shape3D. First, the shape spectrum 
represents geometrical attributes of a local surface of a 3D object and cannot 
provide the overall, spatial information, thereby lowering shape discriminability. FIG. 
1 illustrates an example of limited shape discriminability of Shape3D. In FIG. 1 . (a) 
and (b) denote 3D objects, and (c) and (d) show the shape spectra of the objects (a) 
and (b), respectively. As is apparent from (a) and (b), 'android' model and 
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'crocodile' model have distinct shapes. However, their shape spectra are very 
similar to each other as shown in (b) and (d) of FIG. 1 . A quantitative difference 
between the shape spectra of the 'android' and 'crocodile' models is merely 
0.025981 . In other words, when the 'android' object is used as a query for 
5 searching, the 'crocodile' object may be undesirably retrieved as one of the most 
similar objects, i.e., with a high similarity rank among the searched results. The 
searched shape has no similarity with the actual query shape. Therefore, using 
ShapeSD is unsuitable for searching with a query by sketch or a query by editing, 
since there is no coherence between the actual shape and its shape spectrum. 

10 

SUMMARY OF THE INVENTION 
The present invention provides an efficient method of perceptual 
3-dimensional (3D) shape description that can be applied to the management of a 
3D graphics model database. 

15 The present invention also provides a method and apparatus for searching a 

3D graphics model database that is built up using the above method to retrieve the 
similar models to a query model. 

In one aspect of the present invention, there is provided a method of 
perceptual 3D shape description, the method including: generating nodes that 

20 respectively correspond to parts of a part-based representation of a 3D shape model, 
the nodes including unary attributes of the parts; generating edges that include 
relational attributes between the nodes; and generating an attributed relational graph 
of the 3D shape model that is comprised of the nodes and the edges. 

According to specific embodiments of the method, each of the nodes may be 

25 expressed as an ellipsoid parameterized by a volume, a convexity, and two 

eccentricities. The unary attributes of the nodes may include at least a volume, 
eccentricities, and a convexity. The unary attributes of each of the nodes may 
include variances that correspond to the degrees of distribution of voxels forming the 
ellipsoid on 3D principal axes, the origin of the ellipsoid, and the transformation of 

30 the node in an object-oriented coordinated system. The relational attributes may 
include at least the distance between nodes, the angle between the first principal 
axes of ellipsoids, and the angle between the second principal axes of the ellipsoids. 
The unary attributes of the nodes may be quantized into a predetermined number of 
bits. 
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In another aspect of the present invention, there is provided a computer 
readable medium having a perceptual 3D shape descriptor formed by the above 
method. 

In another aspect of the present invention, there is a provided method of 

5 searching a database of 3D graphics models described by the above method, the 
searching method including: receiving a input 3D graphics model; transforming the 
received 3D graphics model into a perceptual 3D shape descriptor; and comparing 
the perceptual 3D shape descriptor with each of the perceptual 3D shape descriptors 
of the graphics models stored in the database to retrieve the 3D graphic models that 

10 are similar to the input. 

According to specific embodiments of the searching method, the receiving of 
the input 3D graphics model may include a user designing and inputting a 3D 
graphics model by means of an interactive tool. The transforming of the received 
3D graphic models into the perceptual 3D shape descriptor may include a user 

15 editing the transformed 3D shape descriptor if required. 

The comparing of the perceptual 3D shape descriptor with each of the 
perceptual 3D shape descriptors of the 3D graphics models to retrieve the 3D 
graphic models may include: defining the volumes of the nodes as weights; and 
comparing the transformed perceptual 3D shape descriptor with each of the 

20 perceptual 3D shape descriptors of the 3D graphics models stored in the database 
using the Double EMD (earth mover's distance) method to retrieve the 3D graphic 
models similar to the perceptual 3D shape descriptor. In this case, the Double EMD 
method includes: generating a distance matrix between query nodes of a query 
graph and model nodes of a model graph (Inner EMD); and measuring the similarity 

25 between the query graph and the model graph by calculating the amount of work 
required to move the weight (weight transition) from the query nodes to the model 
nodes based on the distance matrix (Outer EMD). 

The generating of the distance matrix in the Inner EMD method may include: 
extracting the query nodes of the query graph of the perceptual 3D shape descriptor 

30 and the model nodes of the model graph of each of the 3D graphics models stored in 
the database and setting combinations of a particular query node and a particular 
model node to be compared with each other; and generating the distance matrix by 
measuring the distance between the query and model nodes of each of the 
combinations. The generating of the distance matrix by measuring the distance 
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between the query and model nodes of each of the combinations may include: 
constructing a first distance matrix of the absolute values of differences between 
attribute vectors of the query and model nodes to calculate the distance between the 
query and model nodes of each of the combinations; constructing vector spaces with 

5 axes parameterized by relational attributes of the nodes; expressing the query nodes 
and the model nodes as sets of points in the respective vector spaces; setting an 
imaginary node in each of the vector spaces, the imaginary node being spaced an 
equal distance apart from all of the points; constructing a second distance matrix by 
calculating the Euclidian distances between the points in the vector spaces; and 

10 summing the first and second distance matrices to generate the distance matrix. 

The measuring of the similarity between the query graph and the model graph 
in the Outer EMD method may comprise: calculating the amount of work required to 
move the weight (weight transition) from the query nodes to the model nodes based 
on the distance matrix and the weights of the query nodes and the model nodes; and 

15 calculating as the similarity a total amount of work for all of the nodes. 

In another aspect of the present invention, there is provided a computer 
readable medium having embodied thereon a computer program for the above 
method of searching the perceptual 3D graphics model database. 

In another aspect of the present invention, there is provided an apparatus for 

20 searching a database of 3D graphics models described by the description method, 

the apparatus including: a query input unit that receives a query that is a 3D graphics 
model; a model/shape descriptor transforming unit that transforms the 3D graphic 
model received as the query into a perceptual 3D shape descriptor; a matching unit 
that compares the perceptual 3D shape descriptor with each of the perceptual 3D 

25 shape descriptors of the 3D graphics models stored in the database to retrieve the 
models that are similar to the perceptual 3D shape descriptor; and a model output 
unit that outputs the retrieved models. 

According to specific embodiments of the apparatus, the query input unit may 
allow a user to design and input the 3D graphics model by means of an interactive 

30 tool. The model/shape descriptor transforming unit may include a shape editor that 
allows a user to edit the perceptual 3D shape descriptor if required. The matching 
unit may include: a weight converter that defines the weights of the nodes as 
weights; and a model searcher that compares the perceptual 3D shape descriptor of 
a query model with each of the perceptual 3D shape descriptors of the 3D graphics 
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models stored in the database using a Double EMD method to retrieve the models 
from the database that are similar to the perceptual 3D shape descriptor. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 The patent or application file contains at least one drawing executed in color. 

Copies of this patent or patent application publication with color drawing(s) will be 
provided by the Office upon request and payment of the necessary fee. 

The above and other features and advantages of the present invention will 
become more apparent by describing in detail exemplary embodiments thereof with 
10 reference to the attached drawings in which: 

FIG. 1 exemplarily illustrates a limited shape discriminability of Shape3D; 
FIG. 2 Illustrates a shape deposition algorithm applied in the present 
invention; 

FIG. 3 illustrates an example of generating a part-based representation for a 
15 'cow' model; 

FIG. 4 is a flowchart of a method of perceptual 3D shape description 
according to an embodiment of the present invention; 

FIG. 5 illustrates edge attributes that define the relational attributes between 
two nodes of a perceptual 3D shape (P3DS) descriptor; 
20 FIG. 6 is a table of binary representation form for the P3DS descriptor; 

FIG. 7 is a block diagram of an apparatus for searching a database of 3D 
graphics models according to an embodiment of the present invention; 

FIG. 8 is a flowchart of searching a 3D model database in the apparatus of 
FIG. 7 according to the present invention; 
25 FIG. 9 is a flowchart of calculating the similarity between query and model 

graphs; 

FIG. 10 illustrates vector spaces for calculating inner earth mover's distances 
(EMDs) and the relational attributes between nodes in the vector spaces; 

FIG. 1 1 illustrates an example of a distance matrix constructed from the 
30 vector spaces of FIG. 10; 

FIG. 12 illustrates an example of using a sketched query in a search system 
and the searched result; 

FIG. 13 illustrates original 3D mesh object models and their P3DS descriptors 
expressed as attributed relational graphs (ARGs); 
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FIG. 14 illustrates an example of generating P3DS descriptors for differently 
sized 'triceratops' modes; 

FIG. 15 illustrates examples of P3DS descriptors for 'triceratops' models one 
of which contains noise and the other is transformed; and 

FIG. 16 comparatively illustrates the database search performance between 
the P3DS descriptor according to the present invention and a conventional ShapeSD 
descriptor, which was measured by Bull's eye performance (BEP) and average 
normalized marching retrieval rate (ANMRR). 

DETAILED DESCRIPTION OF THE INVENTION 
In an efficient method of 3-dlmensional (3D) shape description according to 
the present invention, which can be applied to the management of a 3D graphics 
model database, a 3D object is transformed into a part-based representation and 
then an attributed relational graph (ARG) that consists of nodes and edges. This 
description method is very similar to the human visual perception mechanism and 
thus is called a 'perceptual 3D shape descriptor'. 

The generation of the perceptual shape descriptor will now be described. 
The part-based representation of 3D shapes enable perceptual recognition of an 
object and is independent of rotation, translation, inhomogeneous scaling, 
transformation, partial deletion, etc. This part-based representation is applied to an 
intermediate step for high-quality 3D object shape representation. Various 
conventional algorithms developed so far may be categorized roughly into 
morphology-based decomposition and skeleton-based decomposition. 

According to the present invention, a new algorithm is utilized to decompose 
the shape of a 3D object into parts. This decomposition algorithm involves 
recursively performing constrained morphological decomposition (CMD) using 
calculated mathematical morphology and weighted convexity. Next, it is determined 
whether to merge decomposed adjacent parts based on a weighted convexity 
difference (WCD). As such, the shape of the 3D object can be more adaptively and 
simply represented using the decomposition algorithm. The decomposition 
algorithm includes three stages as illustrated in FIG. 2. In FIG. 2, the arrows 
indicate the processing flow of binary images. A recursive decomposition stage 
(RDS) 210 follows an initial decomposition stage (IDS) 200 and is continued until 
QUEUE I is empty. Next, an Iterative merging stage (IMS) 220 is performed on the 
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decomposed parts that remain in QUEUE II for simpler, higher-quality representation. 
FIG. 3 illustrates step by step an example of part-based representation for a "cow" 
model. In FIG. 3, (a) and (b) are meshed and voxel representations of the cow 
model, respectively, (c), (d), and (e) show the results of the IDS, RDS, and IMS, 

5 respectively, and (f) is a finally generated attributed relational graph (ARG) for the 
cow model, in which ellipsoidal nodes and edges that connect the nodes 
approximate corresponding decomposed parts. 

FIG. 4 is a flowchart of a method of perceptual 3D shape description 
according to an embodiment of the present invention. The method roughly includes 

10 generating nodes (step 400), generating edges (step 410), and generating an ARG 
(step 420). In step 400, nodes that correspond to the parts of a 3D shape model in 
a part-based representation, respectively, and include unary attributes of the 
corresponding parts are generated. In step 410, edges that define relational 
attributes between the nodes are generated. In step 420, an ARG that consists of 

15 the nodes and the edges is represented. In particular, the perceptual 3D shape 
description for a given 3D model is achieved based on the above-described 
part-based representation. The perceptual 3D shape descriptor is represented as 
an ARG that consists of node and edges. The nodes of the ARG represent the 
decomposed parts of the 3D model and the unary attributes of the parts, and the 

20 edges represent the relational attributes between the nodes. In an embodiment 
according to the present, the perceptual 3D shape descriptor utilizes four unary 
attributes and three relational attributes that are derived from the geometric relation 
between the principal axes of connected nodes. 

In detail, a node is represented as an ellipsoid parameterized by a volume v, a 

25 convexity c, and eccentricities e1 and e2. The convexity c is defined as the ratio of 
volume to convex hull of the node. When the variances of the node on first, second, 
and third principle axes are denoted by a, b, and c, respectively, where a> b> c, the 
eccentricities e1 and e2 are expressed as in equations (1) and (2) below. 

e, = Vl-cVa' ...(1) 

30 62 = VT^^W ...(2) 

FIG. 5 illustrates edge attributes that define the relational attributes between 
two nodes of the perceptual shape descriptor. These edge attributes are extracted 
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based on the geometric relation between the two ellipsoids in FIG. 5. In particular, 
the distance between the centers of the two ellipsoids, the angle between the first 
principal axes of the ellipsoids, and the angle between the second principal axes of 
the ellipsoids, are utilized as the edge attributes. In addition, the unary attributes of 
the respective nodes and the relational attributes in the edges are normalized to be 
within the range of from 0 to 1 . 

FIG. 6 is a table of binary representation form for the perceptual 3D shape 
(P3DS) descriptor. In FIG. 6, volume, center, partial transform in an object-oriented 
coordinate system, variance on each principal axis, and convexity form unary node 
attributes. The variance Implies the degree of distribution of voxels that form an 
ellipsoid on each 3D principal axis. In this embodiment, the maximum number of 
nodes (Nnodes) that the P3DS descriptor can have was set to 32. In order to 
reduce the capacity of a memory to store the P3DS descriptor, each of the unary 
attributes was quantized into a predetermined number of bits, preferably 8 bits. 
With the assumption that all attributes are quantized into 8 bits as In the example of 
FIG. 6 and the P3DS descriptor has 5 nodes, the P3DS descriptor has a size of only 
72 bytes. Alternatively, different numbers of quantization bits may be assigned to 
attributes. The data of a 3D shape described by the perceptual 3D shape 
description method according to the present invention may be recorded in a 
computer readable medium. 

A method and apparatus for searching a 3D graphics model database 
according to the present invention will now be described. The 3D graphics model 
database stores 3D graphics models described using the above P3DS descriptor. 

FIG. 7 is a block diagram of an apparatus for searching a database of 3D 
graphics models according to an embodiment of the present invention. The 
apparatus of FIG. 7 includes a query input unit 700, a model/shape descriptor 
transforming unlf710, a matching unit 720, and a model output unit 730. 

The query input unit 700 receives a query that is a 3D graphics model. A 
user may design and input a 3D graphics model by means of an interactive tool. 
The model/shape descriptor transforming unit 710 transforms the 3D graphics model 
input as the query into the P3DS descriptor. The model/shape descriptor 
transforming unit 710 may include a shape editor 705 to allow the user to edit the 
transformed shape descriptor if necessary. 
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The matching unit 720 compares the transformed P3DS descriptor with each 
perceptual 3D shape descriptors of the 3D graphics model stored in the database to 
find the similar models to the transformed P3DS descriptor The matching unit 720 

J" 

includes a weight converter 722 and a model searcher 724. The weight converter 
5 722 defines the volumes of nodes as weights. The model searcher 724 compares 

the transformed P3SD descriptor with each of the perceptual 3D graphics models in 

the database using a double earth mover's distance (EMD) method to find the similar 

model to the transformed perceptual 3D shape descriptor. The model output unit 

730 outputs the searched similar models. 
10 A method of searching a 3D model database in the above apparatus will now 

be described. FIG. 8 is a flowchart of searching a 3D model database in the above 

apparatus according to the present invention. 

First, a query 3D graphics model is received (step 800). Alternatively, a user 

may draw and input a 3D graphics model as a query by means of an interactive tool 
15 (step 810). The 3D graphics model is transformed into the P3DS descriptor (step 

820). If the user wants to edit the transformed P3DS descriptor (step 830). the 

transformed P3DS descriptor may be edited (step 840). 

Next, the transformed P3DS descriptor is compared with each of the 

perceptual 3D shape descriptors of the 3D graphics models stored in the database to 
20 find similar models (step 850). The found similar models are output (step 860). 

A process of searching the database will be described in detail with reference 

to FIG. 9, which is a flowchart of calculating the similarity between the query and 

model graphs. 

Step 850 of searching the database for the similar models includes receiving 
25 a pair of graphs (step 900), defining the volumes of the nodes as weights (step 910), 
comparing the transformed P3DS descriptor with each of the perceptual graphics 
models using the* double EMD method (step 920), and finding the models that are 
similar to the transformed P3DS descriptor (step 930). 

Step 920 of the comparison using the double EMD method includes an inner 
30 EMD step of generating a distance matrix of the distances between query nodes of 
the query graph and model nodes of the model graph (step 922) and an outer EMD 
step of measuring the similarity between the query and model graphs based on the 
node attributes in the distant matrix (step 924). 
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jhe inner EMD step 922 includes extracting the query nodes of the query 
graph of the P3DS descriptor and the model nodes of the model graph of each of the 
perceptual 3D shape descriptors of the 3D graphics models stored in the database, 
setting combinations of the query and model nodes to be compared with each other 

5 (step 926), and measuring the Euclidian distance for each of the combinations to 
generate the distance matrix (step 928). 

Step 928 of generating the distance matrix includes constructing a first 
distance matrix of the absolute values of differences between attribute vectors of the 
query and model nodes (step 933), constructing vector spaces with axes 

10 parameterized by relational attributes that are defined by the edge attributes of each 
of the graphs (step 934), expressing the query nodes and model nodes as respective 
sets of points in the vector spaces (step 936), designating an imaginary node in each 
of the vector spaces that is spaced the same distance apart from each of the points 
(step 938), calculating the Euclidian distances in the vector spaces to construct a 

15 second distance matrix (step 940), and combining the first and second distance 
matrices into one distance matrix (step, 942). 

Step 924 performed using the outer EMD includes calculating the amount of 
work required to transform the query graph into the model graph for each of the 
nodes based on the distance matrix and the weights of the nodes (step 930) and 

20 measuring the similarity between the query and model graphs by calculating a total 
amount of work for all of the nodes (step 932). 

The double EMD method used to match the query graph with a model graph 
stored in the database will now be described in detail. General graph matching 
techniques involve three steps. The first step is to construct a distance matrix 

25 between the query nodes of the query graph and the model nodes of the model 

graph based on the difference in unary attribute or relational attribute between each 
pair of the query "and model nodes. The second step is to establish the 
correspondence between the query and model nodes based on the distance matrix 
constructed in the first step. If a one-to-one mapping relation is established in the 

30 second step, generally, a bipartite matching technique is used. The last step is to 
extract the dissimilarity between the query and model graphs based on the 
differences between the corresponding query and model nodes. 

Various algorithms that can be applied individually or cooperatively to each of 
the above steps have been developed so far. However, in order to raise the 
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matching performance of the P3DS descriptor and use it in an actual search system, 
^ there is a need to establish a many-to-many mapping relation between the query and 
model nodes in the second step. In view of many-to-many mapping, more accurate 
matching and retrieval can be achieved when the numbers of nodes and edges are 

5 different between the query and mode graphs. The EMD method is a very useful 
algorithm for many-to-many mapping between the query and model nodes. 

The volume, which is one of the unary attributes of the nodes, is defined as a 
weight in order to determine the dissimilarity between the query and model graphs 
using an EMD. The distance matrix that defines the correspondence of the query 

10 and model nodes is constructed using another EMD. The former EMD used to 

determine the dissimilarity between the query and model graphs is referred to as an 
outer EMD, and the latter EMD used to construct the distance matrix is referred to as 
an inner EMD. This matching technique involving the two steps conducted using 
the above EMDs is referred to as a double EMD method. A process of measuring 

15 the similarity between the query and model graphs using the double EMD method is 
as follows. 

The inner EMD is defined as follows. The distance between an arbitrary 
query node Nq (see FIG. 10) of a query graph and an arbitrary model node Nm of the 
model graph is calculated as the sum of two different distances. Initially, a distance 

20 matrix is constructed of the absolute values of differences between attribute vectors 
of the query and mode nodes to calculate the similarity between the graphs from the 
node attributes. Next, vector spaces with axes parameterized by relational 
attributes that are defined by the edge attributes of the nodes of the corresponding 
graphs are constructed in order to calculate the similarity between the graphs from 

25 the edge attributes. In FIG. 10, the three axes of the coordinate system in FIG. 10 
are parameterized by one distance and two angles, which belong to the relational 
attributes of the nodes. The arbitrary query node Nq and query nodes that are 
connected to the arbitrary query node Nq are expressed as a set of points in one of 
the vector spaces, and the arbitrary model node Nm and model nodes that are 

30 connected to the arbitrary model node Nm are expressed as a set of points in the 
other vector space. The arbitrary query node Nq and model node Nm are located 
at the origins of the vector spaces, respectively. An imaginary node that is spaced 
a constant distance d apart from the other connected nodes is set in each of the 
vector spaces, as denoted by blank circles in FIG. 10. This is for oDtaining the sum 
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of weights in each of the vector spaces that is equal to 1 and for preventing weight 
^ transition to nodes that are disconnected to the arbitrary query node (Nq) or model 
node (Nm) and do not appear in FIG. 10. In other words, for two objects to be 
compared that have similar connection structures but have greatly different volumes, 
5 the similarity between the objects is intentionally reduced. The distance matrix as 
shown in FIG. 1 1 is comprised of the Euclidian distances defined in the vector 
spaces. The distance between the arbitrary query and model nodes Nq and Nm can 
be calculated based on the weights of the nodes in FIG. 10 and the distance matrix 
of FIG. 11. 

10 After calculating the inner EMD for all of the nodes in the query and model 

graphs, the amount of work required to move the weight (weight transition) from the 
query nodes to the model nodes based on the distance matrix is calculated. The 
dissimilarity between the query and model graphs is defined as a total amount of 
work for all of the nodes. 

15 Functions of the P3DS descriptor used in the present invention to retrieve the 

similar 3D models from a database are superior to conventional methods. The 
most significant feature of the P3DS descriptor used in the present invention lies in 
that it perfectly matches the human shape cognition mechanism. Accordingly, it is 
possible to describe the topological shapes of 3D models using the P3DS descriptor 

20 according to the present invention and obtain proper search results. For example, if 
the P3DS descriptor contains information on an object that is comprised of 6 parts, 
for example, including a part for head, four parts for legs, and a part for tail, the 
object described by the P3DS descriptor may be recognized as having an animal 
shape and animal shapes may be retrieved from a database. 

25 The human readability of the P3DS descriptor enables various types of shape 

search based on, for example, a query by sketch, a query by editing, etc. In 
part-based representation that is easy to build up and edit, it is allowed for a user to 
construct a query with more ease by expressing parts as spheres, ellipsoids, boxes, 
cylinders, etc, and establishing their connection relation. This constructed query is 

30 directly transformed into a P3DS descriptor and transferred to a search engine. 
Alternatively, the P3DS descriptor may be edited by the user in an interactive 
manner and applied to another type of search. 

FIG. 12 shows an example of a search system that utilizes sketched queries, 
in which (a) shows a sketched query, (b) shows the results of a retrieval that include 
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the most similar, 1^^ ranked model, and (c) shows the ARG form of the retrieved 
model in (b). Although not illustrated, other retrieval results with higher similarities 
had similar structures to (b) of FIG. 12. The user may sketch a simple topological 
structure by clicking on the positions of desired nodes with a mouse. The example 

5 of FIG. 12 confirms the usefulness and feasibility of the P3DS descriptor that allows 
the use of a sketched query. 

The results of a simulation test performed on the perceptual 3D shape 
descriptor according to the present inventions are as follows. In the simulation test, 
P3DS descriptors were generated. FIG. 13 shows original 3D mesh object models 

10 and their P3DS descriptors expressed in ARG forms. As is apparent from FIG. 13, 
there are perceptual coherences between the mesh models and P3DS descriptors. 
In other words, a man or a helicopter can be accurately perceived from their P3DS 
descriptors. In FIG. 14, (a) and (b) are enlarged and reduced versions of the 3D 
object (f) in FIG. 13, respectively. However, they are expressed as the same P3DS 

15 descriptor shown in (c) of FIG. 14, independent of their sizes. FIG. 15 shows 
examples of P3DS descriptors when an object includes a noise component and is 
transformed. The object in (a) of FIG. 15 has a noise-containing vertex compared 
to the original 3D object in (f) of FIG. 13, the object in (b) of FIG. 15 has a longer 
horn than the original 3D object, and the object in (c) of FIG. 15 has longer legs than 
. 20 the original 3D object. As can be observed from (d). (e), and (f) of FIG. 15, the 

generated P3DS descriptors reflect the transformations from the original object well 
such a degree that the original object can be analogized from the P3DS descriptors. 
The above results of the simulation test indicate that the P3DS descriptor according 
to the present invention can accurately describe the shape of a 3D object 

25 independent of size variation, noise, and transformation and is perceptually coherent 
with the original object. In addition, the ARG representation of the P3DS descriptor 
can be utilized to search a 3D model database and provide searched results that 
coincide with the human visual perception mechanism. 

A method of searching a P3DS model database according to the present 

30 invention will now be described. In order to evaluate the database search 

performance of the P3DS descriptor, a database search test was conducted using a 
database that is currently used by MEPG-7. The database used included 3,903 3D 
graphics models categorized in a 4-hierarchical structure that includes 8 top 
categories and 102 leaf categories. BulPs eye performance (BEP) and average 



13 



normalized marching retrieval rate (ANMRR) used by MPEG-7 were applied as 
performance evaluation measures. A leaf category which a query model belongs to 
was used as a true value. A higher BEP score and a lower ANMRR score mean a 
more effective performance. 

5 FIG. 16 comparatively shows the search performance between the P3DS 

descriptor according to the present invention and a conventional ShapeSD descriptor 
for a set of 366 query models. The query models used belong to 10 selected leaf 
categories. As is apparent from FIG. 16, the performance of the R3DS descriptor 
according to the present invention as measured by BER and ANMRR are excellent 

10 absolutely and over the conventional Shape3D descriptor. 

As described above, a method of P3DS description according to the present 
invention enables a user to use a query by sketch or editing over conventional 
methods. This advantage of the present invention is very important in connection 
with contents-based database searching. 

15 In addition, according to the present invention, a double EMD technique is 

applied to the matching of query and model representations so that a model graph 
similar to a query graph can be retrieved more accurately from a database. 

Furthermore, according to the present invention, both geometric information 
and topological information are utilized, and the performance of the search system 

20 can be improved through many-to-many mapping of nodes between query and 
model graphs. 

The invention may be embodied in a general purpose digital computer by 
running a program from a computer readable medium, including but not limited to 
storage media such as magnetic storage media (e.g., ROM's, floppy disks, hard 

25 disks, etc.), optically readable media (e.g., CD-ROMs, DVDs, etc.) and carrier waves 
(e.g., transmissions over the Internet). 

While the present invention has been particularly shown and described with 
reference to exemplary embodiments thereof, it will be understood by those of 
ordinary skill in the art that various changes in form and details may be made therein 

30 without departing from the spirit and scope of the present invention as defined by the 
following claims. 
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